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REMARKS 



Reconsideration and allowance are respectfully requested. 
Claims 7-9, 12 and 15 are currently pending. Claims 5, 6, 9- 
11, 13 and 14 were rejected. Applicants thank the Examiner 
for indicating that Claims 7, 8, 12 and 15 would be allowable 
if rewritten in independent form. In response, Claims 5, 6, 
10, 11, 13 and 14 have been cancelled and Claims 7 and 12 have 
been amended into independent form. Additionally, Claims 8 
and 15 have been amended for clarity, and Claim 9 has been 
amended to depend from Claim 7, as well as amended for 
clarity. 

A revised version of Figure 1 has also been submitted. 
The revision adds the label "Prior Art" to the Figure. No new 
matter has been entered. 

All objections and rejections having been addressed, it 
is respectfully submitted that the present application is in 
condition for allowance, and a Notice to that effect is 
earnestly solicited . 
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SPECIFICATION 



CONTOUR EMPHASIZING CIRCUIT 



TECHNICAL FIELD 



[0001] 



The present invention relates to a contour 



emphasizing circuit designed for sampling a contour 
component from an input video signal (e.g., a digital 
input video signal) , multiplying the sampled contour 
component by a coefficient (one of coefficients including 
1) for contour emphasis, and adding the product thereof 
to the input video signal for a outputting contour- 
emphasized video signal. 

BACKGROUND OF THE INVENTION 

[0002] The PDP (Plasma Display Panel) equipment using 

the plasma display panel and LCD (Liquid Crystal Display) 
equipment using the liquid crystal display panel as thin 
and lightweight display equipment have come to attract 
public attention. Such display equipment is 
conventionally of the direct -drive type using a digital 
video signal, wherein a contour emphasizing circuit, such 
as one shown in Fig. 1, is used for obtaining the 
contour-emphasized video signal from the input video 
signal . 

[0003] The contour emphasizing circuit shown in Fig. 1 

comprises a contour pick-up unit 10, a delay adjusting 
unit 12 and adder 14 . 

[0004] The contour pick-up unit 10 comprises one-dot 
delay units 18, 20 for sequentially delaying by one-dot 
the digital luminance signals (an example of a video 
signal)— which hag have been input to the input terminal 
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16, an adder 22 for adding the luminance signal Y input 
to the input terminal 16 to the output signal from the 
one-dot terminal— 2 0 to obtain the sum, a multiplier— 2r& 
24 for multiplying the sum by coefficient 1/4 for 
outputting the product thereof, a multiplier 2 6 for 
multiplying the output signal from the one -dot delay unit 
18 by coefficient 1/2 for outputting the product thereof, 
and a subtracter 2 8 for subtracting the output signal of 
the multiplier 24 from the output signal of the 
multiplier 26; wherein the contour component (i.e., high- 
pass component) HE in a horizontal direction of the 
reference picture element are sampled, for output, from 
the picture elements on the left side and right side 
(preceding and subsequent picture elements on time basis) 
of the reference picture element. 

[0005] A delay adjusting unit 12 is designed for 
adjusting to adjust the timing for the input of the 
luminance signal, which has been input as provided to the 
input terminal 16 and passed on— to the adder 14_^ to the 
timing for the input of the contour component HE as— 
which has been sampled by contour pick-up unit 10 and 
passed on— to the adder 14 . The delay adjusting unit 12 
coordinates the timing of the luminance signal Y to the 
contour component HE by delaying the output of luminance 
signal Y, which has been input to the input terminal 16, 
for a predetermined time interval . 

[0006] The adder 14 adds the luminance signal Y, which 

is output from the delay adjusting unit 12, to the 
contour component HE, which is sampled by the contour 
pick-up unit 10, to output generate the sum (Y + HE) 
representing -? — ae a contour- emphasized luminance 
signal componcnt , — to an output terminal — 3-0- . 

[0007] However, the contour emphasizing circuit shown 
in Fig. 1 has suffers from a problem^ as is further 
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described below , in that its design allows bccauoc of 
being designed oo that the contour component HE sampled 
by the contour pick-up unit 10— ire - to be directly output 
to the adder 14 regardless of the luminance level of the 
whether a high or low level of luminance signal Y .is 
input to the input terminal 16 io high or low . 

[0008] As a result of the above T he— problem, an 4r& 
that unnatural picture having overemphasized contour— ie 
can be produced if a contour component having too high a 
value is added to a relatively dark picture of a low 
luminance level. Another problem of the circuit is that 
the contour cannot be emphasized sufficiently if a 
contour component having to low a value is added to a 
bright picture having a high luminance level . 

[0009] The present invention is designed for the 

purposes of solving the above problems and for providing 
a contour emphasizing circuit capable of accomplishing a 
level of contour emphasis matching that matches the 
luminance level of input video signal. 

DISCLOSURE OF THE INVENTION 

[0010] The contour emphasizing circuit according to 

the present invention is characterized by comprising a 
contour pick-up unit for sampling a contour component 
from an input video signal, a luminance level judging 
unit for discriminating the luminance level of the input 
video signal, a coefficient control unit for not only 
selectively changing coefficient among a plurality of 
coefficients according to the judging signal from the 
luminance level judging unit but also multiplying the 
contour component sampled by means of a contour pick-up 
unit by a selected coefficient for the outputting the 
product thereof and an adder for adding the contour 
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component output from the coefficient control unit to the 
input video signal for outputting a contour-emphasized 
video signal . 

[0011] A coefficient is selected from among a 
plurality of coefficients, so that a plurality of 
coefficients are available for being multiplied by the 
contour component according to the luminance level of the 
input video signal. Thus, the picture can be prevented 
from becoming an unnatural picture by controlling • the 
contour component to be added to the input video signal 
to a value matching the luminance level of the input 
video signal . 

[0012] Further, the level judging unit may comprise a 
decoder for discriminating the luminance level of the 
input video signal from among n number (n = 2 and larger 
integers) of luminance levels, and the coefficient 
control unit may comprise n number of multipliers for 
multiplying the contour component, which is sampled by 
means of the contour pick-up unit, by the coefficient 
corresponding to each luminance level among n number of 
luminance levels for outputting the product thereof, n 
number of AND gates using, as the gate control signal, 
the signal interpreted by the decoders connected 
respectively to the output sides of the n number of 
multipliers and an OR gate connected to the output sides 
of the n number of the AND gates. By doing so, the level 
judging unit and the coefficient control unit can be 
formed easily. 

[0013] Further, the level judging unit may comprise a 

decoder capable of discriminating each of 4 luminance 
levels of an input video signal, and the coefficient 
control unit may comprise 4 multipliers for multiplying 
the contour component, which is sampled by the contour 
pick-up unit, by one of the coefficients 1/8, 1/4, 1/2 
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and 1 for outputting the product thereof, 4 AND gates 
respectively connected to the output sides of the 4 
multipliers for using, as the gate control signal, the 
signal interpreted by the decoders respectively 
connected, and an OR gate connected to the output side of 
the 4 AND gates. By doing so, the level judging unit and 
the coefficient control unit can be formed more easily. 
[0014] Further, the composition of the contour pick-up 

unit can be simplified by composing the contour pick-up 
unit with a horizontal contour component pick-up unit 
designed for sampling the contour component in the 
horizontal direction from input video signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Fig. 1 is a block diagram showing an example of 

a conventional contour emphasizing circuit. 

[0016] Fig. 2 is a block diagram showing an embodiment 

of the contour emphasizing circuit according to the 
present invention. 

[0017] Fig. 3 is a block diagram showing examples of 

the level judging unit and the coefficient control unit 
shown in Fig . 2 . 

BEST MODES FOR CARRYING OUT THE PRESENT INVENTION 

[0018] The content of the present invention will be 
described in detail referring to the accompanying 
drawings . 

[0019] Fig. 2 shows a contour emphasizing circuit— as 

according to an embodiment of the present invention, 
wherein common reference numerals are assigned to those 
parts common to those shown in Fig. 1. 
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[0020] In Fig. 2, numeral 10 denotes the contour pick- 

up unit; 12,13, the delay adjusting unit; 14, an adder; 
15, the level judging unit; 17, coefficient control unit. 

[0021] The contour pick-up unit 10 comprises one-dot 

delay units 18, 20 for sequentially delaying by 1 dot the 
digital luminance signals (an example of a video signal)— 
which hao have been input to the input terminal 16, an 
adder 22 for adding the luminance signal Y input to the 
input terminal 16 to the output signal from the one-dot 
terminal— 3r6 2 0 to obtain the sum, a_mul t ipl ier— 24 for 
multiplying the sum by coefficient 1/4 and for outputting 
the product thereof, and ^subtracter 2 8 for subtracting 
the output signal of the multiplier 24 from the output 
signal of the multiplier 26; wherein the contour 
components HE in the horizontal direction are sampled, 
for output, from the picture elements on the left side 
and right side of the reference picture element. 

[0022] The level judging unit 15 is designed to 

discriminate the luminance level of the luminance signal 
Y input to said input terminal 16 and output a 
corresponding judging signal. More specifically, as 
shown in Fig. 3, (the level judging unit 15) comprises 
the decoder 32 for decoding the luminance level of the 
luminance signal Y with reference to the values of the 
upper 3 bits of the 8 -bit luminance signal Y. That is, 
the decoder 32 outputs a signal (e.g., H-level signal) 
corresponding to the output sides © , ® , ® and ® 
depending on whether the values of the upper 3 bits of 
the luminance signal Y input to the input terminal 16 
correspond to which of either [000], [001], [010-011] and 

[100-111] Consequently, the decoder 32 determines ~ 
thcrcby interpreting whether the luminance level of the 
luminance signal Y corresponds to which one of the 4 




Serial No. 09/463 642 January 6, 200 

Marked-up Specification 

levels of hexadecimal numbers— ef — 4 level o , namely, 
[00-1F] , [20-3F] , [40-7F] and [80-FF] . 

[0023] The coefficient control unit 17 is designed for 

to selectively changing change the coefficient according 
to the a judging signal output fro m generated by the 
level judging unit 15 and delivered by way of the delay 
adjusting unit 13, as well as for multiplying the contour 
component sampled by means of the contour pick-up unit 10 
by this coefficient , and for outputting the product 
thereof. More specifically, as shown in Fig. 3, 4the 
coefficient control unit 17-)- comprises the four 
multipliers 36i, 36 2 , 36 3 and 3 6 4 for that selectively 
multiplying multiply the contour component HE-; — which has 
been sampled by oaid contour pick up unit — 1 0 and input by 
way of the input terminal 34, by the coefficients 1/8, 
1/4, 1/2 and 1 , respectively, and then feed into for 
outputting of the product thereof, — four AND gates, 3 8i, 
3 8 2/ 3 8 3 and 3& 4j _ respectively . Each of the AND gates, 

381, 38 2/ 38 3 and 38 4 , connects to one of the outputs of 
the decoder 32, thereby allowing connected to the output 
oidco of the four multipliers 3 6±- f — 3-^—- 3-6- ^ and 3 64 . for 
using the signal decoded by the decoder 32 to be used as 
a gate control signal . An- , — and the OR gate 40 connected 
connects to the output sides of the four AND gates, 3 8i, 

3 8 2 , 3 83 and 38 4 ; wherein the contour component is output 
to the adder 14 from the OR gate by way of the output 
terminal 42 . It should be noted that in order to 
simplify the illustration of Fig. 3, Further, — in Fig. — 3-r 
for the simplicity of illustration, — the delay adjusting 
unit 13 interposed between the decoder 32 and the 
coefficient control unit 17— 3r e has been omitted^-r as the 
result, in the diagram, — the output terminals ©, ®, ® 
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and ® in the diagram are shown as if the signals were 
directly input to the AND gates 38i, 38 2 , 38 3 and 38 4 . 
[0024] The delay adjusting unit 13 delays for a 
predetermined time interval the output of t he j udg i ng 
signal generated by from the level judging unit 15 for a 
predetermined time interval in order to respectively 
adjust the timing of the judging signal output - £e^ 
outputting to the coefficient control unit 17 , as well as 
the contour component HE sampled from the input luminance 
signal by the contour pick-up unit 10 and the timing for 
inputting to the coefficient control unit 17 the judging 
signal from the level judging unit 15 . 

[0025] The adder 14 adds the luminance signal Y, which 
has been input to the input terminal 16 and delayed for a 
predetermined time interval by the delay adjusting unit 
12, to the contour component output from the coefficient 
control unit 17 . The sum of the luminance signal Y and 
contour component output is then provided for outputting 
the a urn to the output terminal 3 0 as a contour-emphasized 
luminance signal . 

[0026] The delay adjusting unit 12 delays the output 

of the luminance signal Y, which has been input to the 
input terminal 16, for a predetermined time interval in 
order odor to respectively adjust the timing for the 
input of the luminance signal-; — which has been input to 
the input terminal 16, to the adder 14 for combining with 
and the timing for the input of the contour component— 
which hao been output from the coefficient control unit 
17-t — to the adder 11 . 

[0027] Next, the functions of the parts shown in Fig. 

2 will be explained referring with reference to Fig. 3 
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[0028] (1) The contour component HE is sampled from 

the 8 -bit luminance signal, which has been input to the 
input terminal 16 , by the contour pick-up unit 10 . The— 
and the sampled contour component HE is then input to the 
coefficient control unit 17. 

[0029] (2) In Fig. 3, the decoder 32 and the 

coefficient control unit 17 respectively function as 
described in (a) , (b) , (c) and (d) below depending on 
whether the luminance level of the 8 -bit signal input to 
provided at the input terminal 16 corresponds to which 
one of the four levels, i.e., [00-1F] (hexadecimal 
number; the same applies hereinafter) , [20-3F] , [40-7F] 
and [80-FF] . 

[003 0] (a) Case where the luminance level of luminance 

signal Y is [00-1F] : 

[0031] The decoder 32 interprets that the luminance 

level is [00-1F] on the basis of— that the values of the 
upper 3 bits of the luminance signal Y is [000] , thereby 
output ting and subsequently outputs an H- level signal 
from output side © . This output signal is delayed for a 
predetermined time interval by the delay adjusting unit 
13 (not shown in Fig. 3) and then input to the AND gate | 
38 x for the electrification (i.e., being kept open) 
thereof. In this condition, L-level signals are output 
from the output sides ® through ® of the decoder 32, so 
that other AND gates 3 8 2 through 3 8 4 are kept 
unelectrif ied (i.e., being kept closed). 

[0032] When the AND gate 38i is electrified, the 
contour component (HE/8) multiplied by 1/8 by means of 
the multiplier 3 6 x is input to the adder 14 by way of the 
AND gate 38i, OR gate 40 and output terminal 42. 

[0033] (b) Case where the luminance level of luminance 

signal Y is [20-3F] : 
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[0034] The decoder 32 interprets that the luminance 

level is [20-3F] on the basis e^— that the values of the 
upper 3 bits of the luminance signal Y are [001] and 
outputs an H-level signal from the output side ® . This 
output signal is delayed for a predetermined time 
interval by means of the delay adjusting unit 13 and then 
input to the AND gate 38 2 for the electrification thereof. 

[0035] When the AND gate 38 2 is electrified, the 

contour component (HE/4) , which has been multiplied by 
1/4 by multiplier 36 2/ is input to the adder 14 by way of 
the AND gate 38 2/ OR gate 40 and output terminal 42. 

[0036] (c) Case where the luminance level of luminance 

signal Y is [40-7F] : 

[0037] The decoder 32 interprets that the luminance 

level is [40-7F] on the basis ef— that the values of the 
upper 3 bits are [010-011] and outputs an H-level signal 
from the output side ® . This output signal is delayed 
for a predetermined time interval by means of the delay 
adjusting unit 13 and then input to the AND gate 3 8 3 for 
the electrification thereof. 

[0038] When the AND gate 38 3 is electrified, the 

contour component (HE/2) multiplied by 1/2 by means of 
the multiplier 36 3 is input to the adder 14 through the 
AND gate 38 3 , OR gate 40 and output terminal 42. 

[0039] (d) Case where the luminance level of luminance 

signal Y is [40-7F] : 

[0040] The decoder 32 interprets that the luminance 

level is [40-7F] on the basis o*— that the values of the 
upper 3 bits are [010-011] and outputs an H-level signal 
from the output side ® . This output signal is delayed 
for a predetermined time interval by means of the delay 
adjusting unit 13 and then input to the AND gate 38 4 for 
the electrification thereof. 
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[0041] When the AND gate 38 4 is electrified, the 
contour component (HE) multiplied by 1 by means of the 
multiplier 36 4 is input to the adder 14 through the AND 
gate 38 4 , OR gate 40 and output terminal 42. 

[0042] (3) In Fig. 2, the adder 14 adds the contour 

component output from the coefficient control unit 17 to 
the luminance signal Y, which has been input to terminal 
16 and delayed for a predetermined time interval by the 
delay adjusting unit 12 , to output and outputs the sum to 
the output terminal 3 0 as a contour- emphasized luminance 
signal . 

[0043] For instance, when the luminance level of the 

luminance signal is [00-1F] , contour component (HE/8) is 
added to the luminance signal Y, and the sum (Y + HE/ 8) 
as a contour- emphasized luminance signal is output to the 
output terminal 30. Further, when the luminance level of 
the luminance signal Y are [20-3F] , [40-7F] or [80-FF] , 
contour component (HE/4) , (HE/2) or (HE) is added to the 
luminance signal Y, and sum (Y + HE/4), (Y + HE/2) or (Y 
+ HE) as a contour-emphasized luminance signal is output 
to the output terminal 30. Thus, contour emphasis 
matching the luminance level of luminance signal Y is 
available . 

[0044] The embodiment described above relates to a 
case where the contour pick-up unit comprises a 
horizontal contour pick-up unit for sampling the contour 
component in a horizontal direction from the input video 
signal, but the present invention is not limited to this 
embodiment and but is also applicable to other contour 
pick-up units as long as they are designed to sample the 
contour component from an input video signal. For 
example, the present invention is applicable to the case 
where a contour pick-up unit comprises a vertical contour 
pick-up unit designed for sampling the contour component 
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in a vertical direction or to the case where a contour 
pick-up unit comprises a horizontal -vertical contour 
pick-up unit designed for sampling the contour component 
in both the horizontal and vertical directions. 
[0045] The embodiment described above relates to a 

case where the level judging unit comprises a decoder for 
interpreting whether the luminance level of an input 
video signal corresponds to which one of four luminance 
levels, and a coefficient control unit comprises four 
multipliers for multiplying the contour component sampled 
by means of the contour pick-up unit by any of 
coefficients 1/8, 1/4, 1/2 and 1 for the output of 
respective products, four AND gates respectively 
connected to the output sides of the four multipliers for 
using the signal interpreted by the decoder as the gate 
signal and an OR gate connected to the output sides of 
the four AND gates, but the present invention is not 
limited to this embodiment. For example, the present 
invention is also applicable to a case where the level 
judging unit comprises a decoder for interpreting whether 
the luminance level of an a r-input video signal 
corresponds to which one of n number (n = 2 or larger 
integers) of levels, and the coefficient control unit 
comprises n number of multipliers for multiplying the 
contour component sampled by means of the contour pick-up 
unit by a corresponding coefficient for outputting the 
product thereof, n number of AND gates respectively 
connected to the output sides of the n number of 
multipliers for using, as the gate control signal, the 
signals interpreted by a decoder, and an OR gate 
connected to the output sides of the n number of AND 
gates . 

[0046] The embodiment described above relates to a 

case where the level judging unit comprises a decoder, 
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and the coefficient control unit comprises multipliers, 
AND gates and an OR gate, but the present invention is 
not limited to this embodiment and is but applicable also 
to the case where the level judging unit may be anything 
capable of discriminating the luminance level of an input 
video signal, and the coefficient control unit may be 
anything capable of selectively changing the coefficient 
according to the judging signal from the level judging 
unit, as well as for multiplying the contour component 
sampled by means of the contour pick-up unit by a 
corresponding coefficient for the output of the product 
thereof . 



INDUSTRIAL APPLICABILITY 



[0047] As described in the foregoing, the present 
invention relates to a contour emphasizing circuit 
designed for sampling a contour component from an input 
video signal, multiplying the sampled contour component 
by a contour emphasizing coefficient, adding the product 
thereof to the input video signal and outputting a 
contour-emphasized video signal, whereby the emphasized 
contour can be cmphaaigcd matching matched with the 
luminance level of the input video signal. Thus, the 
present invention can be used for preventing to prevent 
production of unnatural picture either caused by 
overemphasizing the contour of a dark picture having a 
low luminance level by excessively adding a contour 
component^ or by under emphasizing the contour of a 
bright picture having a high luminance level by adding an 
insufficient contour component. 
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